Scoring procedures
The expression of upper molar cusp 5 (UMC5) and lower molar cusps 5, 6, and 7 (LMC5, LMC6, and LMC7) was scored following the Arizona State University Dental Anthropology System (ASUDAS) (36), with minor modifications specified in table S4. Morphological manifestations of mesiolingual features (including Carabelli's cusp) of the upper molars differ markedly among hominoids (25, (37) (38) (39) (40) (41) . For simplicity, all mesiolingual features are referred to as Carabelli's cusp, although homology of these features among taxa remains unknown (25). Scoring criteria for Carabelli's cusp followed those of (25) and (40) for great apes and australopiths, respectively. Carabelli's cusp expression in later hominins was recorded using the ASUDAS (36). The expression of UM hypocone, upper molar cusp 6 (UMC6), and LM "double" C6 was scored as either present or absent.
To facilitate statistical analyses, Carabelli's cusp was subsequently classified into four categories: "absent", "faint", "medium", and "large" (table S4) . Similarly, expression of UMC5, LMC5, LMC6 and LMC7 was divided into "absent" (ASUDAS grade 0), "suspected", "faint" (ASUDAS grade 1), "medium" (ASUDAS grades 2-3), and "large" (ASUDAS grades 4-5). As per (18) the "suspected" category indicates the presence of a subtle bump on the marginal ridge that may represent a poorly developed accessory cusp. All data were observed and collected at the EDJ. Skinner and Gunz (18) also suggested that poorly developed or "suspected" LMC6 could represent instances in which the available space between adjacent cusps allowed the formation of a new secondary enamel knot whose growth as a cusp did not progress substantially due to the onset of calcification of the tooth crown. This not only applies to "suspected" LMC6, but likely also to all other accessory cusps. In all instances in which accessory cusp data were only analyzed by presence/absence, teeth having the "suspected" category were not included. In order to test for intra-observer error in scoring cusp expression, 25 randomly selected teeth were scored twice by AO, with scoring sessions separated by six weeks. Error was 2.67%, which is similar or lower than that previously reported (42-43). Only two cases of trait disagreement between the two scoring sessions were found, with this disagreement being of one grade only. No disagreements in trait presence (vs. absence) were observed.
Intercusp distance Three-dimensional landmarks were digitized on the EDJ using Avizo. In addition to serving as a proxy for the final shape of the inner enamel epithelium (IEE) of the developing tooth germ, using the EDJ allows the cusp apices (dentine horns) to be located with greater accuracy than at the outer enamel surface, especially when tooth wear is not extensive (24). This is important considering that measurement error in intercusp distances reported by (17, 19) was up to 30% for their two-dimensional analyses of recent H. sapiens upper molars at the enamel surface.
First, second, and third molars were pooled and separated into groups according to the number of cusps (i.e., upper molars with four, five or six cusps and lower molars with four, five, six or seven cusps). This was done to maximize sample size per fossil taxon, and given that the PCM was formulated to explain cusp number and size regardless of tooth type, this approach should not alter the final outcome of the study. In each group, homologous landmarks were placed at the tip of the dentine horns of all cusps present such that the number of landmarks corresponds to the total number of cusps in the tooth crown. No grouping was exclusively based on Carabelli's cusp given that this feature is not necessarily associated with the presence of a dentine horn, which is only seen on ASUDAS grades 5-7 (25). For the four main cusps (protocone, paracone, metacone, and hypocone) of the upper molars, the first landmark was placed on the tip of the protocone and subsequent points were placed following a buccal direction on the tip of the paracone, metacone, and hypocone, respectively. When accessory cusps were present, landmarks on the tip of cusps 5 and 6 were placed after the landmark associated with the hypocone. Collection of landmarks on the lower molars started at the tip of the protoconid, with subsequent landmarks made on the cusp tips of the metaconid, entoconid, hypoconid, and when present, the hypoconulid, entoconulid, and metaconulid in that order ( fig. S3 ). This order follows the general sequence of cusp development extensively documented for humans and other primates (44-47) Intercusp distances (Euclidean distances) were derived from these landmarks, and given that they were placed on 3D surface models, these Euclidean distances account for cusp differences in both height and position. two given adjacent cusps. Neither "suspected" cusps nor cusp 7 were considered when collecting this second set of landmarks. The use of the mesial marginal ridge, however, may underestimate tooth size in taxa where the base of the crown is much wider than the occlusal surface. Finally, we calculated the 3D surface area of the EDJ crown (32) in Rhino 5.0 (Robert McNeel & Associates). To ensure consistency among specimens, we followed recommendations by (33) in which all 3D models were first simplified to 10,000 faces and smoothed at 100 iterations with a 0.6 lambda value using Avizo/Amira. Following previous studies (17, (19) (20) , the square root of the 2D and 3D crown area was used for statistical analysis.
As shown in fig. S4 and table S5, there is a high and significant correlation among the three different estimates of tooth size. Given that tooth size was ultimately used as a proxy for the duration of crown morphogenesis and size of the IEE, developmentally, the reasonable approach was to use 3D surface area to test how well the PCM explains molar cuspal patterns.
Statistical analysis
All statistical analyses were performed in PAST (48) or R (49; packages "MASS" and "VGAM"). Unless otherwise noted, differences were considered significant at α = 0.05. Following (17), the non-parametric Kendall's rank correlation test and ordered logistic regression (OLR) models were used to examine the relationship between relative intercusp spacing (i.e., intercusp distance divided by tooth size) and the presence and degree of expression of accessory cusps. While the former test evaluates only the strength and direction of this relationship, OLR assumes a causal relationship between variables such that accessory cusp expression (response variable) is modeled as a factor of relative intercusp distance (explanatory variable). Each OLR model yields a single coefficient value (from which the odds ratio is calculated) and separate intercepts for each cut-point between grades of expression (50). As per (17, 19) a value of 0.1 equals a unit in relative intercusp distance, with odds ratios also scaled to this value. The overall fit of the models was evaluated with the likelihood ratio test (G) in comparison to the null or constant-only model in which a single value is associated with the explanatory variable. In all cases, calculation of the average intercusp distances was based on the spacing between all previously-formed cusps to the exclusion of the accessory cusp being studied. Analyses on single intercusp distances were also conducted to assess whether, for any given accessory cusp, the spacing of adjacent cusps more strongly influence its presence and expression. 2: the lingual cingulum decreases further in length and prominence and together with the vertical furrows of wrinkled enamel produces a feature of great variability. There are usually between 3-7 vertical furrows on the protocone which sometimes branch at the occlusal end 3: the cingulum decreases further in length and prominence but the cuspules are larger 4: the cingulum is usually shorter in length but carries one or more cuspules which may break the continuity of the furrow 5: a complete lingual cingulum is present extending from the mesio-buccal corner of the crown traversing the lingual surface of the protocone in an oblique cervical direction and terminating in the occluso-lingual groove. Wrinkles on the enamel surface cross the cingulum in a vertical direction at almost right angles and on the cervical border of the cingulum usually produce small rounded bulges between each wrinkle 
